Background: Systemic sclerosis (SSc), a life-threatening autoimmune disease characterized by vasculopathy. Numerous SSc patients demonstrate gastrointestinal (GI) involvement but the delicate GI bleeding risk remains sparse. We aimed to explore the role of SSc in determining the long-term risk of GI bleeding, including bleedings of upper (peptic and non-peptic ulcers) and lower GI tracts. Methods: Patients with SSc diagnosis were identified from the Catastrophic Illness Patient Database and the National Health Insurance Research Database from 1998 to 2007. Each SSc patient was matched with five SSc-free individuals by age, sex, and index date. All individuals (case = 3665, control = 18,325) were followed until the appearance of a GI bleeding event, death, or end of 2008. A subdistribution hazards model was assessed to evaluate the GI bleeding risk with adjustments for age, sex, and time-dependent covariates, comorbidity, and medications. Results: The incidence rate ratios of GI bleeding were 2.38 (95% confidence interval [CI], 2.02-2.79), 2.06 (95% CI, 1.68-2.53), and 3.16 (95% CI, 2.53-3.96) for over-all, upper, and lower GI bleeding events in SSc patients. In the competing death risk in the subdistribution hazards model with time-covariate adjustment, SSc was an independent risk factor for over-all GI bleeding events (subdistribution hazard ratio [sHR] 2.98, 95% CI, 2.21-4.02), upper GI bleeding events (sHR 2.80, 95% CI, 1.92-4.08), and lower GI bleeding events (sHR 3.93, 95% CI, 2.52-6.13). Conclusion: SSc patients exhibited a significantly higher risk of over-all and different subtype GI bleeding events compared with the SSc-free population. The prevention strategy is needed for these high GI bleeding risk groups.
Introduction
Systemic sclerosis (SSc) is a connective tissue disease characterized by immune dysregulation with excessive collagen and extracellular matrix deposition and alterations in microvasculature; it leads to fibrosis of the skin and internal organs, most frequently the heart, lungs, gastrointestinal (GI) tract, and kidney [1, 2] . SSc is rare but can have poor prognosis and low survival rate. Its prevalence is 56.3-341 cases per million population [3, 4] , but the incidence and prevalence of SSc have increased, particularly in the USA and Australia [5] .
GI involvement is one of the most common disease manifestations in SSc. According to EULAR Scleroderma Trial and Research (EUSTAR) cohort, 3% SSc patients died related to gastrointestinal causes as the primary cause of death [6] . Videocapsule endoscopy in patients with SSc demonstrated a high frequency of GI mucosal abnormalities, with a marked predominance of vascular mucosal damage [7] . The involvement of the GI tract may lead to profuse hemorrhage. A hospital-based study demonstrated higher risks of severe GI hemorrhage in patients with SSc [8] . However, small sample size, crosssectional study design without longitudinal follow-up, and lack of comparison groups limit the result interpretation.
To address the paucity of knowledge regarding the natural history of GI bleeding in patients with SSc, we conducted a nationwide database study by analyzing a comprehensive national database over a 10-year period. Our primary aim was to evaluate the long-term risk of GI bleeding, including bleedings of upper (peptic and non-peptic ulcers) and lower GI tracts, in SSc patients compared to the general population.
Methods

Data source
This study was based on a Longitudinal Health Insurance Database, the National Health Insurance Research Database (NHIRD), maintained by the Taiwan National Health Research Institute. Taiwan launched a compulsory social insurance program, the National Health Insurance (NHI) program, to provide health care for all the island's residents since 1995. The NHI program had enrolled more than 23 million Taiwanese residents and more 99% annual coverage rate currently [9, 10] . It covers all medical benefit claims of ambulatory and inpatient care and has been extensively used for many epidemiological studies. The NHIRD established a registry system for "catastrophic illnesses," including cancer, end-stage renal disease, and several autoimmune diseases. Both outpatient and inpatient claims of beneficiaries with a catastrophic illness certificate are collected in the catastrophic illness profile. The Bureau of NHI performs routine validation of the diagnoses by reviewing the original medical charts of all patients applying for catastrophic illness registration [10] . In this study, all cases of SSc patients were obtained from the Registry of Catastrophic Illness Database. The database includes all relevant information on the catastrophic illness certificate status, such as diagnostic codes in the format of International Classification of Disease, Ninth Revision (ICD-9), date of diagnosis, date of death, date of every clinic visit, details of prescriptions, expenditure amounts, and outpatient and inpatient claims data of the beneficiaries with catastrophic illnesses. This study was approved by the Research Ethics Board of Kaohsiung Medical University Hospital (KMUHIRB-EXEMPT(I)-20150041).
Study design and population
A diagnosis of SSc (ICD-9 codes 710.1) was defined according to the American College of Rheumatology (ACR) diagnostic criteria and verified using the Registry for Catastrophic Illness Patient Database. Patients with newly identified SSc between January 1, 1998, and December 31, 2007, were selected as the SSc cohort. The date on which a patient diagnosed as SSc for the first time was defined as the index date. We excluded individuals diagnosed as having SSc before 1997 (n = 404), those younger than 18 years (n = 142), and those admitted due to GI bleeding before SSc diagnosis (n = 167). A comparison cohort was randomly selected from the Longitudinal Health Insurance Database, which comprises 1, 000,000 randomly selected people from the NHI beneficiaries. We matched each patient with SSc with five non-SSc controls according to age, sex, and index date. We enrolled 3665 SSc patients and 18,325 non-SSc controls in the study cohort. The follow-up duration was until diagnosis of GI bleeding, death, withdrawal from the insurance program, or the end of 2008 ( Fig. 1 ).
SSc diagnostic criteria
For the verification of SSc diagnosis, one rheumatologist is required to provide relevant clinical and laboratory information for the NHI review, and the review committee of the Registry of Catastrophic Illness assesses applications according to the criteria of the ACR for SSc. The ACR proposed the following classification criteria for SSc: the major criterion was proximal scleroderma and the minor criteria were sclerodactyly, digital pitting, scarring or loss of substance on the finger pads, and bibasilar pulmonary fibrosis. Patients fulfilling the major criterion or at least two minor criteria can be diagnosed as having SSc [11] .
Definition of GI bleeding and comorbidities
GI bleeding was defined as hospitalization with a major diagnosis of GI bleeding after the index date during the study period (Additional file 1: Table S1 ). The GI bleeding endpoint was further categorized as upper and lower GI bleeding [12, 13] (Additional file 1: Table S1 ). Peptic and non-peptic ulcer bleeding were defined on the basis of ICD-9-CM codes reported previously [14] [15] [16] [17] (Additional file 1: Table S1 ). Peptic ulcer bleeding was also proven through endoscopic examination and was associated with endoscopic therapy (epinephrine injection, heat-probe thermocoagulation, and hemoclipping) for ulcer bleeding and use of proton pump inhibitors (PPIs).
The comorbidities identified in this study were diabetes mellitus, hypertension, dyslipidemia, chronic kidney disease (CKD), chronic obstructive pulmonary disease (COPD), coronary artery disease (CAD), and uncomplicated peptic ulcer disease, which were defined by disease codes based on at least two ambulatory visits or hospitalizations for a principal diagnosis during 1 year before index date (Additional file 1: Table S1 ). In addition, we retrieved information on the bleeding risk medications, including antiplatelets, anticoagulants, traditional nonsteroidal anti-inflammatory drugs (NSAIDs), cyclooxygenase-2 (COX-2) inhibitors, and steroids. Moreover, anti-acid secretory drug use, including PPIs and histamine type-2 receptor antagonists (H2RA), was also considered (Additional file 1: Table S2 ). Medications were identified and classified on the basis of the National Drug Classification System and the Anatomic Therapeutic Chemical Code, which is an internationally accepted drug classification system coordinated by the World Health Organization Collaborating Centre for Drug Statistics Methodology. Concomitant medication users were defined as those using medications for > 28 days during the observation period.
Statistical analysis
All data are expressed as frequencies (percentages) or means ± standard deviations. Student's t test was used to assess parametric continuous data between groups, and the chi-squared test was used to assess categorical data. The occurrence of GI bleeding events in the SSc and comparison groups has a competing risk for death; therefore, the differences between the proportions of individuals that developed GI bleeding in the SSc and control groups during the 10-year follow-up period were analyzed using the cumulative incidence competing risk (CICR) method [18] with a modified log-rank test.
To consider the risk of death expected among subjects, subdistribution hazards were derived from competing risk regression using Fine and Gray hazards model [19] . The interaction between the predictors and event time was noted, and variables that did not fulfill the assumption or were deemed to be time-dependent were entered as continuous time-dependent covariates. Moreover, a time-dependent covariate multivariate subdistribution hazard model was performed to analyze independent risk factors for GI bleeding. Because death prior to the development of GI bleeding events was considered a competing risk event, we applied the proportional hazards model for the subdistribution of a competing risk to estimate the subdistribution hazard ratios (sHRs) and 95% confidence intervals (CIs) in relation to the primary outcomes [20] . Analyses were performed using the SAS (version 9.4; SAS Institute Inc., Cary, NC, USA) and Stata (version 15, College Station, TX, USA). All statistical tests were two-tailed. A p of < 0.05 was considered statistically significant.
Results
Subject characteristics
The demographic characteristics of the study subjects are listed in Table 1 . Both cohorts comprised 20.7% men (760 in the SSc group and 3800 in the control group). The SSc group had a higher proportion of comorbidities such as diabetes mellitus, hypertension, dyslipidemia, 
Risk of GI bleeding in SSc patients and non-SSc controls
During the 10-year follow-up period (mean follow-up, 5.34 and 5.81 years for the SSc and control groups, respectively), 191 cases (5.21%) in the SSc group and 675 cases (3.68%) in the control group experienced GI bleeding, corresponding to an incidence rate of 976.37 (95% CI, 847.27-1125.14) and 410.76 (95% CI, 380.91-442.95) per 100,000 person-years, respectively. GI bleeding risk was significantly higher in SSc patients than in non-SSc controls, with an incidence rate ratio of 2.38 (95% CI, 2.02-2.79, p < 0.001; Table 2 ). The incidence rates of upper and lower GI bleeding were higher in SSc patients, with an incidence rate ratio of 2.06 (95% CI, 1.68-2.53, p < 0.001) for upper GI bleeding and 3.16 (95% CI, 2.53-3.96, p < 0.001) for lower GI bleeding ( Table 2) . Among upper GI bleeding events, the nonpeptic ulcer bleeding events were more common than peptic ulcer bleeding events in SSc patients (incidence rate ratio, 3.00; 95% CI, 2.39-3.76; p < 0.001; Table 2 ).
In CICR analysis with death considered as a competing cause of risk, the cumulative incidences of GI bleeding were higher in SSc patients than in matched controls (modified log-rank, p < 0.001) (Fig. 2a) . The modified log-rank test and CICR survival method analysis revealed a significantly higher incidence of upper and lower GI bleeding in SSc patients than in controls (p < 0.001; Fig. 2b and c) . The multivariate-adjusted subdistribution hazards model revealed that SSc was independently associated with over-all GI bleeding risks (sHR 2.98; 95% CI, 2.21-4.02; p < 0.001) after adjustments for age, sex, comorbidities, concomitant medication, and time-dependent covariates (Table 3) . SSc was associated with upper GI bleeding (sHR, 2.80; 95% CI, 1.92-4.08; p < 0.001) and lower GI bleeding (sHR, 3.93; 95% CI, 2.52-6.13; p < 0.001). Among upper GI bleeding, both peptic ulcer bleeding (sHR, 2.52; 95% CI, 1.64-3.88; p < 0.001) and non-peptic ulcer bleeding (sHR, 3.57; 95% CI, 2.27-5.61; p < 0.001) were found increased risks in SSc patients (Table 3) .
Male gender (sHR, 1.52; 95% CI, 1.31-1.76; p < 0.001), increased age (sHR, 1.05; 95% CI, 1.05-1.06; p < 0.001), comorbidities with diabetes (sHR, 1.46; 95% CI, 1.19-1.79; p < 0.001) or hypertension (sHR, 1.38; 95% CI, 1.15-1.65; p < 0.001) were all related to higher over-all GI bleeding risks (Additional file 1: Table S3 ). In addition, NSAIDs were found associated with over-all GI bleeding risk (sHR, 1.23; 95% CI, 1.05-1.44; p = 0.009), upper GI bleeding risk (sHR, 1.31; 95% CI, 1.08-1.58; p = 0.005), and peptic ulcer bleeding risk (sHR, 1.37; 95% CI, 1.12-1.68; p = 0.003) in multivariate analysis model (Additional file 1: Table S3 -S5). Antiplatelet demonstrated higher non-peptic ulcer bleeding risks (sHR, 1.45; 95% CI, 1.08-1.95; p = 0.015) and lower GI bleeding risks (sHR, 1.42; 95% CI, 1.05-1.91; p = 0.021) (Additional file 1: Table S6 , S7). Steroid was also related to higher non-peptic ulcer bleeding risks (sHR, 1.49; 95% CI, 1.07-2.06; p = 0.017) and lower GI bleeding risks (sHR, 1.55; 95% CI, 1.13-2.14; p = 0.007) in the present study (Additional file 1: Table S6 , S7).
Multivariate stratified analyses for associations between SSc and GI bleeding
The association between SSc and GI bleeding was further analyzed using the subdistribution hazards model stratified by baseline risk factors for GI bleeding, with adjustments for age, sex, confounders, and timedependent variables. In each stratum, SSc was significantly associated with a higher risk of over-all GI bleeding risks except for the stratum by patients with CKD (Additional file 1: Figure S1) . A similar increased risk pattern was observed for upper GI bleeding, lower GI bleeding, and peptic ulcer bleeding risks (Additional file 1: Figure S2, S3, S5 ). In the stratified analysis of nonpeptic ulcer bleeding, SSc patients showed higher bleeding risks in all strata (Additional file 1: Figure S4 ).
Discussion
Principal observations
The relationship of SSc with GI bleeding risk was known but the exact risk ratios had not been well established previously. Using a large-scale nationwide database, the over-all GI bleeding risk, either upper GI bleeding or lower GI bleeding, was increased in SSc patients compared to non-SSc controls. Moreover, both peptic ulcer bleeding or non-peptic ulcer bleeding risks were increased in SSc patients. Further multivariate stratified analyses also validated the results. Several well-known GI bleeding risks related to drugs (NSAIDs, antiplatelets, steroids) were also found associated with over-all GI bleeding events and events in different GI bleeding subtypes. 
Possible underlying mechanisms
SSc could cause GI mucosal abnormalities, thereby contributing to GI bleeding, including that of the upper and lower GI tract, through several mechanisms. SSc is characterized by autoimmunity, inflammation, and small-vessel vasculopathy, which may contribute to GI bleeding events. Current evidence presented the association between SSc and GI mucosal telangiectasia (as part of the CREST syndrome) which is considered the most common source of bleeding in SSc patients. Moreover, gastric antral venous ectasia, rare but related to SSc, is the other possible etiology of upper GI bleeding in SSc patients [8, 21, 22] . Therefore, SSc patients have a risk of GI vascular mucosal abnormalities. Additionally, mucosal inflammation of the esophagus, stomach, and duodenum could be observed through esophagogastroduodenoscopy [23] . Clinical symptoms of GI involvement are significantly more common in patients with diffuse cutaneous SSc [23] . In approximately 10% of SSc patients, GI disease develops before cutaneous manifestations occur [24] . The esophagus is the most frequently affected [24] [25] [26] organ, followed by the anorectum, stomach, small bowel, and colon [23, 27, 28] . Therefore, the incidence of upper GI symptoms is significantly higher than that of lower GI symptoms [23] . As shown in our reports, the incidence rate of GI bleeding was higher in the upper GI tract than in the lower GI tract. Thus, non-peptic ulcer bleeding is more common than peptic ulcer bleeding.
Comparison with previous studies
In a hospital-based study of 144 patients, 15% of SSc patients had more than one episode of GI bleeding. The most common cause was mucosal telangiectasias (41%), followed by peptic ulcer disease (32%) and erosive gastritis. Regarding the sex difference, a cross-sectional study showed that a higher risk of severe GI manifestations was found in men, which was consistent with our results [29] . Studies have also suggested that patients with SSc/ CREST syndrome have a risk of severe GI involvement at an early stage (< 2 years from onset) [8, 30] . The present results also demonstrated an increased GI bleeding risk with increasing age in SSc patients.
Clinical impact and application
This study presented several clinical implications. The comorbidities and complications difference between SSc patients and controls seem to be growing with time. SSc patients were known to be related to vascular complications [31] . In addition, physicians caring for SSc patients also need to focus on the higher risks of over-all GI bleeding, particularly in male patients, comorbidities with diabetes mellitus or hypertension, and avoid prescription drugs with potential GI bleeding side effects. For example, pain related to peripheral insufficiency is exquisite, so treatment of the pain by NSAIDs or improvement of peripheral circulation by antiplatelet should be instituted promptly and adequately escalated. Adequate GI bleeding risk assessment may ensure that preventive measures are promptly taken. Among higher GI bleeding risks patients (male gender, elderly, diabetes, and hypertension), NSAIDs should be minimized or avoided in favor of acetaminophen or opiates since NSAIDs have a risk of GI bleeding risks. Moreover, physicians should make efforts to improve bowel motility and the nutritional status of SSc patients, limit steroids use, and attempt to reduce non-peptic ulcer or lower GI bleeding risk in these patients.
Strengths and limitations
The strength of our study was the use of a populationbased data set with a large sample size, which enabled us to trace the differences between the two groups. Furthermore, the certification of SSc as a catastrophic illness is strict and exempts patients from related medical expenses in the health care system. Some limitations must still be addressed. First, this was a retrospective cohort study based on diagnostic codes and prescription history. Data on some crucial clinical features (such as disease duration, the distinction of localized, limited, or diffuse SSc) and laboratory parameters (such as autoantibody profile) were not recorded in the NHIRD; therefore, we could not evaluate SSc severity. SSc diagnoses were not made based on the 2013 ACR/EULAR (European League Against Rheumatism) classification criteria, thus limiting the generalizability of the results to patients with earlier or milder SSc who only fulfilled the new classification criteria [32, 33] . Second, our definition of GI bleeding ensured that only events sufficiently severe to warrant hospitalization were included. Thus, the estimates of bleeding risk could be considered conservative and did not include obscure bleeding events not requiring hospitalization. The higher threshold at admission reflects the significantly lower incidences of GI bleeding events in SSc patients. In addition, misclassified coding may have occurred when most individuals with obscure GI bleeding did not undergo capsule endoscopy or enteroscopy to explore the bleeding source [12, 13, 15] . Miscoding could not be completely avoided in this epidemiological study, but the misclassification was likely to be nondifferentiated between the two groups. Nevertheless, considering the high accessibility of patients to health care in Taiwan and considering that patients who do not seek medical advice usually have milder or no symptoms, this bias may be of little clinical importance. Furthermore, the separated outcome of angiodysplasia in SSc patients was not investigated in the present study because of the diagnosis coding of angiodysplasia was not well-validated in Taiwan NHIRD. Third, being an administrative data set, the NHIRD did not provide personal information, such as smoking, alcohol consumption, and nutritional status. To minimize these confounding factors, the major medical comorbid diseases were assessed between SSc patients and non-SSc controls; however, this may not have allowed for adequate adjustment for unmeasured confounders. By using joint modeling of multiple diseases [34] , we captured the effect of smoking by investigating its proxies, namely COPD and coronary artery disease, which are strongly correlated with smoking. Moreover, SSc was found to be associated with GI bleeding independent of the effects of these proxies. Forth, the over-the-counter usage of NSAID was not able to calculate, and this might be the reason why the proportion of NSAID usage was low in this present study. Lastly, patients with SSc have more comorbidities compare to matched cohort. The surveillance bias cannot be excluded because comorbidities are more likely to be detected in the case group. However, the accessibility to medical service is high in Taiwan so GI discomfort or bleeds should be equally reported in both groups.
Conclusion
SSc patients independently exhibit increased GI bleeding risk, including that of the upper (peptic and non-peptic ulcer) and lower GI bleeding, particularly in men and those with diabetes mellitus, hypertension, and adverse drug exposure (NSAIDs, antiplatelets, steroids). Gastroenterologists, rheumatologists, and primary health care providers should be aware of GI bleeding risk in SSc patients, and esophagogastroduodenoscopy and monitoring for GI complications should be considered.
